The longitudinal motion of bunched beams in large storage rings has been simulated in synchrotron phase space, including the effects of wake-fields excited by the bunches themselves in the RF cavities. Using the delta-function wake-potential of the cavities requires a great deal of computing time and, in addition, the results depend on the number of superparticles considered. The computing time can be strongly reduced by using tables of wake potentials of a fixed bunch shape.We investigate the case where the distribution is assumed to be Gaussian. The validity and limitations of this model as function of the beam intensity are analysed by evaluation of higher moments of the distribution (variance, skewness, kurtosis). This shows that the assumption of the shape remaining Gaussian is insufficient and yields misleading results when the beam current is too high. This phenomenon appears to be related to the manifestion of turbulence in the beam.
Introduction
This paper compares two approaches to the simulation of bunch lengthening and widening in an electron storage ring. They differ in the description of the wake potential, i.e. the decelerating force which is built up while the bunch traverses an RF cavity and reacts back on later particles in the same bunch.
One way of describing this wake potential is by a sum of wake potentials for point charges (Green's function) which may be obtained by adding the contributions of all the cavities modes1. However, this approach requires much computing time and thus conflicts with the legitimate purpose of the simulation, namely the simulation of the bunch behaviour over several damping times. This problem becomes especially evident when the damping time corresponds to a large number of turns. Other representations of the wake potential require much less computing time for the simulation. Here we consider the simplest model: the wake potential for the whole bunch is a function of only two variables, the r.m.s. bunch length, and the time relative to the bunch centre. The aim of this study is not only to validate a model, which we expect to be the f astest, but also to try to shed some 1 i ght on the relevant parameters for this type of approximation.
Theory and models considered
In the simplest case, the storage ring has just one RF station. The longitudinal motion (energy deviation s, time delay t with respect to the synchronous particle) of the nth particle, evaluated at the mth turn is described by23: Table I ).
Despite the similarity of the global bunchlengthening, however, we observe that the strongly non-gaussian shapes occuring at the maximum current tested On the other hand, even for strong deviations of the kurtosis, there seems to be little influence on the results.
For these reasons we expect a model approximating the bunch distribution as a function of both its r.m.s. standard deviation and its asymetry to be sufficient for most longitudinal tracking simulations. Such a model has the advantages of being faster than the delta-function approach and at the same time requiring less space allocation than an expansion of the particle distribution into many orthogonal polynomials.
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